Abstract. How genes contribute to cognition is a perennial question for psychologists and geneticists. In the early 21st century, familial studies, including twin studies, supported the theory that genetic variations contribute to differences in cognition, but have been of little practical use to clinical and educational practitioners as no individual predictions can be made using such data; heritability cannot predict the impact of environmental factors or intervention programs. With the sequencing of animal genomes and the development of molecular genetics, new methodologies have been developed: gene targeting (replacing a functional gene with a neutral gene by homologous recombination), transgenesis (overexpressing one gene or a set of genes from one species in another species), and genome-wide scans and quantitative trait loci mapping (a strategy for identifying chromosomal regions involved in complex traits). Association studies can be performed to find associations between allelic forms and variations in IQ. Genes linked to ''normal'' variations in cognition have been detected but for the moment such discoveries have had no direct applications in a clinical setting; the number of genes identified as being linked to intellectual impairment has increased rapidly. Links have been reported between chromosomal deletions and triplications and behavioral phenotypes. The identification of mechanisms involved in genetic diseases should have long-term consequences on educational and/or psychological support programs as well as on health care. Psychologists need to keep up to date on advances in research establishing relationships between genetics and intellectual disability and will thus be able to refer children with cognitive impairments to specialized care services.
For social and political reasons, the relationship between genes and intelligence, or genes and cognition has been a highly controversial issue and the debate is still raging. We do not intend to cover the full history of the controversy which no doubt began with ancient Greek philosophers, gained momentum in the 19th century, and reached in the seventies of the last century. See, for example, Hirsch (1975) , Gould (1981) , Roubertoux and Capron (1990) , and Roubertoux (2004) . Looking beyond the scientific issues and possible controversies, the question now is how can psychologists use recent discoveries in this field of research in their daily practice?
Genetics and Cognition Before the Sequencing of Mammalian Genomes: From Family Resemblance to Heritability Animal Models Erhman and Parsons (1976) , in the preface to their book, stated that the very first book devoted to the study of relationships between genes and behavior was written by Fuller and Thompson (1960) ; this was Behavior Genetics. Many others followed, including, in chronological order: Hirsch (1967a) , Erhman and Parsons (1976) , Roubertoux and Carlier (1976) , and Plomin et al. (1980) . It is interesting to note that the English terms used to describe this relatively new scientific subject changed from one author to another: ''behavior genetics,'' ''behavioral genetics,'' ''the genetics of behavior,'' and ''behavior-genetics analysis.'' Behind the apparent similarity of terms were some important conceptual differences. The first three terms infer a deterministic view of the relationship between genes and behavior. Behavior genetics seems the more appropriate term (Hirsch, 1967a) as it defines a field of research where individual differences in behavioral phenotypes are used to discover allelic forms of genes and to annotate their functions (Roubertoux & Carlier, 2007) . There were, however, some assumptions common to all the terms: First, that differences in behavior are linked to genetic differences; second, that evidence of the relationships must be produced from properly designed experimental plans and statistics; and third, that lessons can be drawn from animal models.
Rodents (mice and rats) and insects (flies) have been used extensively for genetic analyses when investigating cognition. Single gene mutations and chromosomal abnormalities have been shown to be associated with neurological defects and cognitive differences as assessed by learning tasks. Breeding by directional selection for learning has been successful with rats and mice, and also in species with less complex behavior, such as flies (Yeatman & Hirsch, 1971) . One of the earliest directional selections for learning was Tryon's (1934) selective breeding of rats for learning performance in a T-maze. He concluded that: ''It is apparent, therefore that differences in this maze ability are markedly determined by differences in hereditary constitution' ' (p. 427) . Twenty years after the publication, the picture was complicated by new evidence showing that the characteristics of the maternal environment could influence the offspring phenotype (Reissler, 1962) . This means that a part of the difference observed between the two lines selected by Tryon for learning ability may be linked to differences in the maternal environment. Experimental designs for separating genetic effects from maternal environmental effects in rodents were developed 40 years after Tryon's paper (see Carlier, Nosten-Bertrand, & Michard-Vanhée, 1992; Carlier, Roubertoux, & Wahlsten, 1999 , for reviews). The adoption method separates the effects of the postnatal environmental from all effects acting on the fetus before birth, including genetic effects, but it is difficult to distinguish prenatal and postnatal effects. Two methods have been used with mice: embryo transfers (Denenberg, Hopligh, & Mobraaten, 1998 ) and grafted ovaries (Carlier, Roubertoux, & Pastoret, 1991) , both in conjunction with the adoption method. In short, many studies conducted on rodents concluded that genetic variation is linked to differences in a large range of behavioral traits, including learning, in conjunction or interaction with the maternal environment (Carlier et al., 1992 -see Rose, Röhl, Hanke, Schwegler, & Yilmazer-Hanke, 2008 for recent examples.
Variables other than the maternal environmental affect cognition in rodents, either adversely (stressful environment, see, e.g., Chapillon, Patin, Roy, Vincent, & Caston 2002) or positively (enhanced living environment). The effect of enhanced and restricted environments on behavior has been observed repeatedly. It has been established that an enhanced or ''enriched'' environment causes structural changes in the brain, and we now know that it induces changes at cellular and molecular levels (Nithianantharajah & Hannan, 2006) .
The Classical Twin Method and Heritability
The most popular method for human behavior genetics analysis has been the twin method. According to Liew, Elsner, Spector, and Hammond (2005) the first explicit description of the method was by Jablonski, with the comparison of MZ and DZ twins within-pair differences. Later studies compared the two types of twins in larger experimental designs investigating other degrees of kinship (e.g., parents/children, grandparents/grandchildren, siblings/halfsiblings, adoptive parents/adoptive children, and adoptive siblings). Surveys of the literature published by Erlenmeyer-Kimling and Farvick (1963) , Roubertoux and Carlier (1978) , and Bouchard and McGue (1981) reached similar overall conclusions: IQ correlations were higher in MZ twins than in DZ twins; they were higher in DZ twins than in pairs of nontwin siblings, and higher in sibling pairs than in half-sibling pairs. Bouchard and McGue (1981) concluded that the data were consistent with a polygenic theory but did not provide information on the exact contribution of genetic elements. We support this conclusion.
Statistical methods have been proposed to compare MZ and DZ intrapair resemblances. Some earlier methods had compared mean intrapair differences in MZ twins to mean intrapair differences in DZ twins; as MZ cotwins are more similar than DZ cotwins, the mean intrapair differences should be lower. This method soon proved to be limited as it did not offer scope for comparison between studies. Holzinger (1929) suggested an index used in agronomy, that is, the heritability coefficient, and while the formula for computing the index has changed from one author to another, the concept has remained the same and has drawn broad support. It is interesting to note that Holzinger's paper was published in an educational journal, showing that the concept was immediately seen as having social implications. Misunderstanding of the heritability coefficient and misuse of it when applied to human behavior genetics led to the controversy of the so-called ''heredity of intelligence.'' One sentence published more than 40 years ago sums up the critical views expressed: ''Since heritabilities are population, situation, and generation specific, studies that merely estimate their magnitude contribute knowledge of little general significance at this time '' (1967b, p. 126) .
What does heritability mean? We are presenting a simplified model here, but more sophisticated models have been developed (Neale & Cardon, 1992; Posthuma et al., 2003) .
Heritability, in a broad sense (h b 2 ), is the proportion of variance in a measurement of behavior (or another phenotype) that is, attributed to total genetic variation. The value ranges between 1 and 0 (100% and 0%). In a narrow sense, heritability (h 2 ) is the proportion of variance attributed to additive variance, additive variance being defined as variance calculated as the sum total of the effects of genes considered individually.
For the twin method, the heritability coefficient can be computed by using the equation
where r is the intraclass correlation. For example, if r MZ = .89 and r DZ = .62, h 2 = .54. Other sources of variation can be estimated as follows:
-The proportion of variance due to a shared environment within the pairs: 1 À h 2 for MZ twins and 1 À h 2 /2 for DZ twins (in the above example, the values are .46 for MZ and .73 for DZ) -see Plomin and Colledge (2001) for more information on this environmental variance. -The proportion of variance which is unique (i.e., unshared): 1 À r MZ (here .11). An illustration of this unshared environment can be found in a target paper published by Plomin and Daniels in 1987 . The authors concluded that data on children reared in the same family (adoptive siblings) showed that unshared environmental influence was an important component in postchildhood IQ.
See Table 1 for an illustration with recent data. Values are estimated on the basis of Figure 1 in the paper by Boomsma, Bysjahn, and Peltonen (2002) . The data are on female twins only, but there are very few differences between male and female heritability values. Table 1 shows that heritability values increase with age (.29-.84), while shared environmental variance decreases -see also Haworth et al., 2009 . Unshared environmental variance ranges from .16 to .24, with the highest value at adolescence. The value of .84 for heritability is very close to values commonly observed in adult populations.
Limitations of the Twin Method
As MZ twins come from the splicing of the same fertilized egg, they share 100% of their alleles, while DZ twins share on average 50% of their alleles.
1 It follows that the greater intrapair similarity for a given trait in MZ twins compared to DZ twins can be interpreted as the influence of genetic variance. This argument assumes that prenatal and post-natal environmental influences are the same for both types of twins, the argument often described as the ''equal environment assumption.'' Yet it has been known for a long time that there are placental differences in MZ twins, so how does that change the ''equal environment assumption?''
The type of placentation in MZ twins is determined by the timing of the zygotic division. About two-thirds are monochorionic (MC-MZ), the others are dichorionic (DC-MZ). DZ twins, produced by the fertilization of separate eggs, have dichorionic placentation, with some rare exceptions. The chorion effect on anthropometrical measures has been well documented: intrapair differences at birth are greater in MC-MZs compared to DC-MZs (Corey, Nance, Kang, & Christian, 1978; Race, Townsend, & Hughes, 2006; Spitz et al., 1996; Vlietinck et al., 1989) , and these differences persist throughout childhood (Gutknecht, Spitz, & Carlier, 1999) although not into adulthood (Loos, Beunen, Fagard, Derom, & Vlietinck, 2001 ). Very few studies have been designed to test the chorion effect on intelligence and the rare results are puzzling as differences between the two types of MZ twins only appear sporadically (Gutknecht et al., 1999; Jacobs et al., 2001; Rose, Uchida & Christian, 1981; see Roubertoux, Jamon, & Carlier, in press, for a recent review). The variance attributable to the chorion effect on cognition is probably low but quite often it is unfortunately unknown because information on the placentation of the twins has not been recorded.
Empirical assessments carried out specifically to test the equal postnatal environment assumption in twin studies of cognition show that MZ twins do experience a more similar postnatal environment (particularly the home environment and parental treatment) than do DZ twins. Is this higher environmental similarity associated with higher resemblance in MZ twins for cognition? Scarr (1968) used an ingenious design with parents who had misclassified the zygosity of their twins (i.e., were genuinely mistaken about their twin's zygosity), and observed a stronger association between parental treatment and true zygosity than the parents' mistaken assumption of their children's zygosity. Unfortunately, the small number of misclassified twins in the study and in the rare studies using the same design for testing the equal environment assumption on cognition limits the confidence for accepting the assumption; this is because of the low power of the statistical analyses and the impossibility to accept the null hypothesis, that is, no bias effect (Richardson & Norgate, 2005) . Another possibility is that the type of placentation was a confounding variable, explaining part of the small bias observed in these studies; in our study on MZ twins with known placentation, 23 of 55 families misclassified their MZ twins, believing them to be DZ, and 65.2% of these pairs were DC-MZ twins (Carlier & Spitz, 2004) . The small differences reported by Scarr observing MZ twins correctly and incorrectly classified may be due to environmental factors, either prenatal or postnatal.
Caution in Interpreting Heritability Estimates
In traditional quantitative genetic studies, the magnitude of the maternal effect (defined as all components with a possible mother-to-offspring influence) has usually been assumed to be negligible, yet maternal influences can be detected with extended twin designs. Rose et al. (1980) were probably the first to use the families of MZ twins to identify maternal influences in cognition. In the Information subtest on Wechsler's scale, the intraclass correlation for maternal half-siblings (offspring of MZ twin mothers) was significantly greater than the same correlation for paternal halfsiblings, but the design was not able to distinguish prenatal and postnatal maternal effects (see also Rose, 2006) .
In a meta-analysis of 212 studies, Devlin, Daniels, and Roeder (1997) proposed two variables for the maternal prenatal environment, one for twins and one for siblings. The model designed by Devlin et al. is better suited to the data of the meta-analysis when these two variables are included in the analysis. The conclusion by the authors shows there are limitations to the method: ''Maternal effects, often assumed to be negligible, account for 20% of covariance between twins and 5% between siblings, and the effects of genes are correspondingly reduced, with two measures of heritability being less than 50%'' (p. 488).
In short, the heritability value for a given trait (in the present case, IQ) depends on the variables included in the statistical model. Moreover, a heritability value depends on gene frequencies in the population being studied; it also depends on the age of the sample being studied (see Table 1 ) and on the socio-economic status of the participants (Turkheimer, Haley, Waldron, d 'Onofrio, & Gottesman, 2003) . The hereditability value of IQ is not a characteristic of the trait of intelligence as measured by IQ and cannot be generalized to another population living in different environmental conditions (Martin, Boosmsma, & Machin, 1997) . And a high heritability value does not mean that environmental factors are not important (De Geus & Boomsma, 2001 ). It cannot, for example, be used to predict the impact of an educational program. It cannot be related to an individual, and it has no individual predictive value (Roubertoux, 2004; Scerif & Karmiloff-Smith, 2005) . The heritability coefficient, therefore, is of no use for clinical application.
In concluding this part, we express our scepticism on any usefulness of heritability estimates going beyond the observation that family studies and twin studies of cognition strongly support the hypothesis that genes contribute to individual differences in cognition. While these studies may be interesting, and while the statistical multivariate models are sophisticated, it must be stressed that these types of studies cannot shed light on core questions on the relationship between genes and cognition: How many genes are involved in individual differences in cognition? Where are these genes located on the chromosomes? What are their functions?
The Era of Molecular Genetics
With the sequencing of animal genomes and the extraordinary development of molecular genetics, new methodologies have been developed, and molecular biology and molecular genetics have been introduced into twin studies (Boomsma et al., 2002; De Geus & Boomsma, 2001 ). The use of animal models of cognition has made it possible to develop different approaches such as generating transgenic animals and the replacement of a functional gene with a neutral gene by homologous recombination. Investigations with animal models and in human genetics have increasingly featured association and linkage studies with quantitative trait loci (QTL) analyses, and with notable success.
Gene Targeting
Gene targeting consists of replacing a functional gene with a neutral gene by homologous recombination. The gene is deleted and the corresponding protein is therefore absent. The gene is said to be ''KO'' or ''null,'' with gene targeting mainly performed in mice, the term ''KO mouse'' is often used. Several types of targeted technologies are available, some resulting in a tissue-specific KO in which the gene is absent in only one type of tissue, or only one brain structure, others producing a time-dependent gene in which the product of the gene is missing under specific time-related conditions. Different strains of KO mice have been developed to discover the function of genes expressed in the brain. An important review (Matynia, Kushner, & Silva, 2002) reported that more than fifty genes in mice are involved in learning plasticity.
It is commonly believed that a mutation, including targeted genes, is always associated with a loss of performance and KO mice are therefore expected to have a poorer performance level than controls (nonmutated mice), but this is not always the case (Buhot et al., 2003) . These findings include two key points: (a) that relationships between genes and behavior are not linear and (b) that neurobiological analysis will be needed to shed light on the nature of the link between genes and behavioral traits.
Transgenesis
Transgenesis is the overexpression of one gene or a set of genes from one species in another species. A gene of interest is identified, isolated, and then cloned in organelles with a circular chromosome; plasmids are often chosen for developing clones. The gene is then linked to a promoter and both are inserted into the nucleus of the host. Transgene insertion is done by nonhomologous recombination. Nonhomologous recombination leads to the random insertion of the transgene. The transgene is transmitted according to Mendelian rules and can be expressed, or not expressed, in different organs. Research on Human trisomy 21 shows how effective transgene strategy can be in understanding the link between genes and cognition. Trisomy 21 is caused by an extra copy of chromosome 21. Animal models of the Human trisomy 21 syndrome have been developed by inserting extra copies of human genes from chromosome 21 into the mouse genome (Roubertoux & Kerdelhué, 2006) . Two candidate genes for spatial impairment in trisomic mice were reported: DSRR3 and DIRK1A. The role of DIRK1A has been confirmed by developing mice transgenic for this single gene (see Sérégaza, Roubertoux, Jamon, & Soumireu-Mourat, 2006 , for a review). The next step is to come back to humans to uncover the causes of intellectual disability in persons with trisomy 21.
QTL Analyses
Genome-wide scans and QTL mapping constitute a genetic strategy for identifying chromosomal regions contributing to complex traits. The basic principle is to detect links between a phenotype and DNA variants that withstand meiotic segregation. The link between the measurement of a phenotype and DNA variants in a segregating population is measured in backcrossed or intercrossed populations of animals. Human genetics uses nuclear families to investigate the role of an allelic form in a phenotypic variation studied across members of a single nuclear family. A large number of DNA variants (> 1,000) covering the whole genome are usually used. Posthuma et al. (2005) detected a significant linkage between performance IQ and the q region of HSA2 (at 2q24.1-31.1).
2 A second region located on HSA6 (at 6p25.3-22.3) appears to be linked to IQ, both the full-scale IQ and the verbal scale IQ; this second region encompasses a QTL that may be associated with reading disorders; other chromosomal regions may also be involved (Posthuma & de Geus, 2006) . The contribution of these regions to the percentage of genetic variance is low, and many other regions are yet to be discovered. Plomin (2006) has suggested that the large number of chromosomal regions correlated with the phenotype could explain this disappointing result. The greater the number of genes (and therefore of chromosomal regions), the smaller the contribution of the region to the variance of the trait, and we know that a QTL reaching less than 1% variance for the trait is difficult to map. Another explanation can be deduced from the findings of Turri et al. (2001) and Roubertoux et al. (2005) . These researchers showed that it was easier to detect the QTLs of the components of a trait than the QTLs of the trait resulting from the sum of the components. IQ can be considered as a sum of cognitive components. A QTL is a chromosomal region defined by its apex and confidence interval, and it has been calculated that a QTL ±10 centiMorgans could encompass more than 150 genes. The next step needed is therefore to identify candidate genes.
Association Studies
Another strategy is to detect associations rather than linkage. The working hypothesis is that persons with the same performance or the same phenotype have the same DNA variant. The association is often detected in siblings and DZ twins as there is little or no age differences. Single nucleotide polymorphisms (SNPs) are used as DNA variants as they are now well documented in the human species. Association studies have been performed to detect associations between SNPs and variations in IQ. Butcher et al. (2005) reported that four SNPs associated with ''mild mental impairment'' had been identified, each SNP accounting for a very small amount of variance (< 1%). To detect such a tiny degree of variance, large samples are needed (> 2,500) to reach 80% power with a p value of .01. Interestingly, the study by Butcher et al. showed the effects of the four SNPs to be additive; that is, the relationship between the SNP and the difference in IQ was greater when all four SNPs were combined.
Another possibility is to test the linkage between allelic transmission and cognitive performance in informative families. With a sample of 196 parent offspring trios, Plomin et al. (2004) observed that a specific allele of a functional SNP is more frequently transmitted to persons with a high IQ than to persons with an average IQ.
The Behavioral Phenotype of Persons with a Genetic Disease
The term ''behavioral phenotype'' is used to describe psychological phenotypes specifically associated with a genetic disease. Many papers have been published endorsing the concept, and an entire book was needed to summarize the advances of research in this domain (Carlier & Ayoun, 2007) . Table 2 presents an overview of the psychological characteristics of four genetic diseases (trisomy 21, fragile X, Williams Beuren syndrome, and 22q11 syndrome). Data in Table 2 should be interpreted with caution. While a typical behavioral phenotype can be described for one specific genetic disease, each child is obviously unique and may have only parts of the phenotype. Secondly, the path to understanding the causal link between a mutation, a deletion, or an extra copy of a chromosome is long; concerted efforts are needed from psychologists, biologists, and neuroscientists (Scerif & Karmiloff-Smith, 2005) . The section ''Transgenesis'' has covered some of the methodologies used to detect such links.
Conclusion
How many genes are involved in individual differences in cognition? In 2001, Morley and Montgomery presented a review of the literature and concluded that 76 genes were involved in cognitive processes in humans, 74 in mice, and 26 in Drosophila. Twelve of the genes were found in both humans and mice, and some of the 12 are well known in the field of psychology. A mutation in gene FMRI located on chromosome X (at Xq27.3) is linked to intellectual disability (see above); the Huntingtin (HD) gene mapped on HSA4 (at 4p16.3) contains a polymorphic trinucleotide repeat that is unstable and causes Huntington's disease characterized by brain cell degeneration causing uncontrolled movements, loss of cognitive faculties, and emotional disorders. The prevalence of the disease in the general population is approximately 1/16,000. Two genes -apoliprotein E (APOE, located on HSA19, at 19q13.2) and amyloid beta precursor protein (APP, on HSA21, at 21q21) -are involved in a number of forms of Alzheimer's disease. Mutations in the phenylalanine hydroxylase gene (on HSA12, at 12q22-q24.2) are responsible for the disease phenylketonuria (PKU). In classical PKU, untreated individuals develop intellectual disabilities, but babies and children treated with a special low-phenylalanine diet develop normally (Carlier & Ayoun, 2007) . In Europe, PKU occurs in 1/10,000 to 1/16,000 newborns and is detected shortly after birth. The neurofibromin 1 gene (NF1, on HSA17 at 17q11.2) is involved in cognitive processes in humans, mice, and Drosophila. In humans, the mutation is linked to neurofibromatosis type I which occurs frequently, the prevalence being approximately 1/3,500 people. In addition to medical complications (café-au-lait spots and neurofibromas), the psychological phenotype includes learning disabilities and attention disorder (Radtke, Sebold, Allison, Haidle, & Schneider, 2007) . Academic impairment often occurs (Coudé, Mignot, Lyonnet, & Munnich, 2006) .
Many other genes have now been identified and linked to the normal range of variation in cognitive tasks. This can be illustrated by two examples. The catechol-O-methyltransferase (COMT) gene on HSA22 at 22q11.21 is involved in the degradative pathways of the catecholamine transmitters, and the gene is a good candidate for studying links between genes, the brain, and cognition (see, e.g., De Frias et al., 2004; Malhotra et al., 2002) . Polymorphisms in the FADS2 gene (involved in the genetic control of fatty acid pathways) are associated with breastfeeding effects (Caspi et al., 2007) . Breastfed children obtained higher IQ scores than nonbreastfed children, but the effect was dependent on the alleles carried on the FADS2 gene, showing an interaction between this gene and this specific environmental variable.
Many genes are known to be linked to developmental disabilities. On February 3, 2008, a search on the free access database OMIM (Online Mendelian Inheritance in Man) at Johns Hopkins University (USA), 3 using the word ''intelligence'' produced 366 entries with 3 QTLs, and using ''mental retardation'' produced 1,469, one hundred more than a similar search 14 months earlier. And we know that many genes are still undiscovered.
What does it mean to identify genes ''associated with,'' ''linked to,'' ''involved in,'' or ''implicated in'' a phenotype, and specifically for cognitive phenotypes? Does it mean we can imagine a list of genes ''coding for'' brain mechanisms with consequences for cognitive treatment? We have analyzed (Roubertoux & Carlier, 2007) molecular and neuronal mechanisms operating between genes and cognition and focused on the crucial role of epigenic events, that is, events occurring between the DNA template and the protein and which show the ''one gene, one protein'' rule to be obsolete. In Drosophila, a single gene (Dscam) may undergo multiple splicing events generating 38,016 protein isoforms, and some 12,000 or 13,000 genes are encompassed in the Drosophila genome. Several other mechanisms, such as gene interactions, include cascades, underexpression, and overexpression, as well as interactions with environmental conditions, contributing to a diversification of gene products. A relevant conclusion to be drawn from these events and/ or mechanisms is that one gene may have multiple functions, and this has been illustrated with gene targeting. The deletion of 5Ht1 br (Saudou et al., 1994) induces changes not only in learning, but also in ultrasound produc-tion, aggression, drug taking, feeding, depression, prostate cancer, heart function, artery spasm, and embryo development. We have called this concept ''gene multi-functionality'' to indicate that one gene has several phenotypical effects. Similarly, we have shown there is no isomorphism between the brain and cognition. The picture becomes much more complicated when we consider that the molecular contribution of the gene to the phenotype varies with development. A good example can be seen with the contribution of the second mammalian genome, the mitochondrial (mt) genome, to cognitive phenotypes. The cross-transfer of mtDNA across two strains of mice modulates cognitive development. The same mtDNA induces greater cognitive decline with one nuclear background than with another nuclear background (Roubertoux et al., 2003) .
What can psychologists do when faced with the complexity of the relations between genes and cognition? It is obvious that they cannot have full information on all genes and their functions. In many cases, recent advances establishing links between genetics and psychology will not be relevant to their daily practice. Quantitative genetics can be used for testing causal models affecting individual differences in cognition. The recent paper by Friedman et al. (2008) on executive functions, published in a leading journal of cognitive psychology, notes that behavior-genetic analysis is not restricted to a small number of specialists. We fear, however, that the title of the paper could be misleading for readers not in the field of behavior genetics: ''Individual differences in executive functions are almost entirely genetic in origin.'' The authors observed that for the common factor of nine executive function tasks, h 2 = 99%. Nonspecialists will probably immediately surmise that environmental factors do not play a role. We can only hope that readers will read the full report, in particular the part on the ''interpretation of high heritability for executive functions'' where the authors write: ''Contrary to common misconceptions, high heritability does not mean that environmental factors cannot and do not affect executive functions'' (p. 218). It is important to again emphasize that heritability values cannot be used to predict the impact of educational programs.
Quantitative genetics is also very limited in its potential making deductions on individual cases, in particular on persons with performance levels within the normal range of variation (Roubertoux, 2004; Scerif & Karmiloff-Smith, 2005) .
With the advance of molecular genetics, the situation is quite different for psychologists in professional practice working with people with intellectual disabilities. They must be aware that the genetic background of the patient may be one of many factors causing the intellectual disability and/or psychological disorders. Special attention is needed when intellectual disabilities run in the family, and the psychologist should recommend that certain members of the family consult a genetic counsellor. Another option for psychologists is to work as a team with geneticists, either for genetic counselling or for research programs endeavoring to clarify links between a phenotype and a recently discovered gene mutation. This was the experience of Carlier, one of the authors of the present paper. In 1998, a new gene located on chromosome X and involved in intellectual disability was discovered (gene oligophrenin 1 or OPHN, mapped on Xq12); at the time, the disorder was considered to be nonsyndromic (mental disability with no additional abnormality). It was finally shown that mutations in the OPHN gene were responsible for syndromic intellectual disability with cerebellar hypoplasia, facial characteristics and intellectual disability (Chabrol et al., 2005) . It is obvious that in this specific case, the discovery of the mutated gene was very useful information for the family, as the psychology records reported that the intellectual disability of the patients was believed to be caused by the adverse socio-educational environment of the mother.
